subsample of soils were air-dried and sieved (<2mm) and used for analysis of soil properties.
133
Particle size analysis was done using the pipette method (Gee and Bauder 1986) . Soil pH
134
(1:2, soil: water) and EC (1:2, soil: water) were measured using an Accumet AB15 pH meter (Mulvaney 1996) . To determine total P, soil samples were digested with H 2 O 2 /H 2 SO 4 in a 150 block digester (Akinremi et al. 2003) and P concentration was measured using the molybdate 151 blue method.
152
Biochar characteristics 153 We used biochar produced by a local Manitoba farmer using woodchips of Manitoba Maple
154
(Acer negundo L.) from a logging area of Eastern Manitoba for this study. The biochar was 155 produced using top-lit-up-draft technique in 200-L drums as described by Munkhbat et al.
156
(2013) with a pyrolysis temperature in the range of 500 -650 o C. Total C concentration in 157 the homogenized biochar samples was measured using a combustion analyser at 1100 o C.
158
(Carlo Erba NA1500, Milan, Italy). To determine total element concentrations in biochar,
159
representative biochar samples were digested with HNO 3 /H 2 O 2 using the hot block digestion 160 procedure (United States Environmental Protection Agency, 1986) and concentrations of total 161 P, K, Ca, and Mg in digests were analysed using the same procedure described above. Olsen 162 P, and exchangeable cation concentration (Ca 2+ , K + , Mg 2+ and Na + ) and CEC of biochar 163 samples were determined using the same procedures described above for soil analysis.
164

Incubation studies
165
The first incubation experiment was laid out in a completely randomized design with a 2 × 6 166 factorial treatment structure and three replicates per treatment. The factors were the two soils 167 described above and six amendments: (1) synthetic fertilizer applied at a rate of 50 mg N and 168 15 mg P kg -1 soil (equivalent to 100 kg N and 30 kg ha -1 to a 15-cm depth) using urea and 169 monoammonium phosphate (SF), (2) biochar applied at 10 g kg -1 (or 1% w/w, BC1), used 2 x this rate for our higher rate of application. The biochar was sieved and particles of 179 0.2-4.47 mm size were added to soils, with or without fertilizers and thoroughly mixed.
180
Amended and unamended soils were watered to field capacity using reverse osmosis water,
181
and 500 g of the moistened soil was packed into 1.5-L glass incubation vessels to a bulk and "very low" available P, while the clay loam had "high" available N and "low" available 244 P. Thus both soils showed a severe P-limitation for crop production and P is the main focus
245
for the evaluation of fertility effects in this experiment. Biochar used in the current study had 246 an alkaline pH, which was substantially greater than the pH of both soils. The total C and OC Initial pH values in the two soils were neutral to slightly alkaline (Table 1) . Soil pH changed Soil, amendment and incubation time main effects and the soil × time interaction were 271 significant (P<0.0001) for EC ( The soil x time x amendment interaction was significant (P< 0.0001) for Olsen P 283 concentration ( (Table 3 ). The clay loam had a higher MWD than the loamy sand. Even though both rates of 324 biochar (10 and 20 g kg -1 ) increased MWD numerically in both soils compared to un-325 amended control, the differences were statistically significant (P<0.05) only in the loamy 326 sand at the highest biochar rate of 20 g kg -1 (Table 3) .
327
The clay loam had significantly greater CEC (P<0.0001) than the loamy sand (Table   328 3). Cation exchange capacity significantly (P<0.0001) increased with the addition of biochar ) in both soils 331 (Table 3) .
332
Changes in carbon dioxide emission during incubation
333
The main effects of soil and time and soil × time interaction were significant (P< 0.05) for 334 cumulative microbial respiration but the amendment effect was not significant (Fig. 5) . soils with a neutral pH (7.2) was enhanced by wastewater sludge biochar and straw biochar 459 amendment, but not with woodchip biochar amendment (Sun and Lu 2014).
460
The cation exchange capacity was significantly increased with the addition of biochar 
504
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